Introduction
============

The surgical treatment of a ruptured abdominal aortic aneurysm (RAAA) continues to present a significant challenge to surgeons. The incidence of death following surgery for RAAAs remains high despite improvements in perioperative management. The perioperative mortality rate for RAAAs has remained largely unchanged at 23% to 69%.^[@B1]^

Survival after the repair of RAAAs depends on a number of patient-related factors and the management of the patient within the healthcare system.^[@B2],[@B3]^ There are certain patient-related factors such as age and gender that cannot be changed, and comorbid conditions can be optimized but not eliminated. The accuracy of diagnosis, time interval between the initiation of symptoms and surgery, and skill of the surgical team are among the factors related to the healthcare system. In view of the persistently high operative mortality rate, it would be advantageous to identify the preoperative and postoperative factors to predict the outcome.^[@B4]^ The purpose of this study was to identify the risk factors affecting high mortality after the surgical repair of RAAAs.

Methods
=======

This study was approved by the Research Committee of Turkiye Yuksek Ihtisas Training and Research Hospital, Ankara, Turkey. Informed consent was obtained from the patients or from the relatives of the patients considered incompetent to give informed consent. Data on 121 patients who underwent surgical repair for RAAAs between January 1997 and June 2011 in our institution were collected retrospectively. All the patients had been diagnosed by computed tomography (CT) scans, and intraoperative extra-luminal blood was visualized intraoperatively. Surgical exposure was gained through a midline incision. Rapid control of the RAAA was occasionally achieved proximally by manual compression. The infrarenal aorta was then cross-clamped with vascular forceps, and the clamps were then placed on the iliac arteries. All the patients were treated with aortic tube grafts or aortic bifurcation grafts, either to the iliac or to the femoral arteries.

Surgical intervention was generally not undertaken if the patient declined the operation, had a known serious comorbidity such as advanced malignancy, or was otherwise in unsuitable conditions. These conditions included refractory loss of consciousness, cardiac arrest, severe dementia, and poor functional states.

In our study, preoperative shock was defined as persistent hypotension and the need for inotropic support despite adequate fluid resuscitation.

Operative mortality was defined as death occurring within 30 days of surgery, whether or not the patient had been discharged from the hospital. Deaths that occurred after 30 days postoperatively without discharge were defined as in-hospital deaths. The patients were divided into survival and mortality groups.

The preoperative factors included age, gender, creatinine and hemoglobin levels on admission, size of the aneurysm, need for inotropic support, and comorbid conditions. The intraoperative factors consisted of blood loss and operation time. The postoperative factors comprised the use of inotropic support, length of mechanical ventilatory support, length of intensive care unit (ICU) stay, respiratory failure, renal failure, neurologic complications (cerebrovascular accident or spinal cord ischemia), bowel ischemia, and lower-limb ischemia.

For the statistical analyses, the statistical software SPSS version 16.0 for Windows (SPSS Inc., Chicago, IL) was used. The results were reported as mean ± standard (SD) for the quantitative variables and percentages for the categorical variables, and the groups were compared using the Student t-test for the continuous variables and the chi-square test (or the Fisher exact test, if required) for the categorical variables. The multivariate regression analysis was used to determine the predictors of mortality. The continuous variables were normally distributed according to the Kolmogorov-Smirnov compatibility with normal distribution test.  A p value \< 0.05 was considered statistically significant.

Results
=======

Totally, 121 patients underwent surgery for RAAAs. Fifty-four patients had aortic tube grafts, 32 aortobiiliac grafts, 20 aortobifemoral grafts, 1 aortoiliac graft, and 1 aortofemoral graft for the replacement of the RAAAs. Seven patients had only surgical exploration.

The study population comprised 108 (89.2%) males and 13 (10.7%) females at an average age of 68.9 ± 10.5 years. The patients' demographic and preoperative data are listed in [Table 1](#T1){ref-type="table"}. The mean operation time was 225.2 ± 89.4 minutes. The mean ICU stay was 8.2 ± 17.3 days (0-120), and the mean duration of postoperative mechanical ventilation was 3 days (0-30 days). The mean ward stay was 10.1 ± 12.3 days (1-210 days). The operative and postoperative factors are listed in [Table 2](#T2){ref-type="table"}.

Operative mortality was 41.3% (50 patients). Of these 50 patients, 14 (11.5%) died in the operating room, 3 (2.4%) died within the first 24 hours in the ICU, and 33 (27.2%) died because of complications. The causes of mortality for all the cases are shown in [Table 3](#T3){ref-type="table"}.

The major complications after surgery included respiratory failure in 18 (14.9%) patients, renal insufficiency in 14 (11.5%), lower-limb ischemia in 11 (9.1%), bowel ischemia in 5 (4.1%) and bleeding that required reoperation in 3 (2.4%). The withdrawal of nephrotoxic drugs and renal replacement therapy was applied for the patients with renal failure following nephrology consultation. Eight patients underwent hemodialysis. The lower-limb ischemia in 4 patients resolved after heparin and low-molecular-weight heparin administration. Seven patients underwent reoperation; of these patients, 6 required femoral embolectomy and 1 required femoropopliteal bypass. The patients with bowel ischemia were consulted by the general surgery department. They all underwent surgical laparotomy, followed by bowel resection. However, all died following bowel resection.

Factors associated with mortality were preoperative shock, free blood, positive inotropic agent, hematocrit value, and blood and plasma transfusion. The mean preoperative hematocrit level was 35.7 ± 7.8% for the survival group and 30.6 ± 7.6% for the mortality group (p value = 0.001). The mean preoperative fresh frozen plasma requirement was 15.6 ± 15.4 units in the mortality group, whilst it was 4.3 ± 4.4 units in the survival group (p value \< 0. 001). Similarly, the mean preoperative erythrocyte suspension requirement was 8. 7 ± 7.5 units in the mortality group, whilst it was 2. 4 ± 3.1 units in the survival group (p value \< 0.001). The multivariate analysis revealed preoperative shock and positive inotropic support as the significant predictors of death ([Table 4](#T4){ref-type="table"}).

###### 

Demographic and preoperative characteristics[\*](#TFN1){ref-type="table-fn"}

                               Without Mortality (n=71)   With Mortality (n=50)   P Value
  ---------------------------- -------------------------- ----------------------- ----------
  Gender                                                                          0.825
         Male                  63 (88.7)                  45 (90.0)               
         Female                8 (11.3)                   5 (10.0)                
  Age (y)                      67.7±10.6                  70.7±10.2               0.122
  HTN                          69 (97.2)                  49 (98.0)               0.985
  DM                           16 (22.5)                  15 (30.0)               0.336
  Smoking                      38 (53.5)                  23 (46.0)               0.442
  COPD                         16 (22.5)                  9 (18.0)                0.513
  CAD                          21 (29.7)                  11 (22.0)               0.301
  PAD                          19 (26.8)                  12 (24.0)               0.715
  Chronic Renal Failure        10 (14.1)                  8 (16.0)                0.823
  Preoperative shock           4 (5.6)                    31 (62.0)               \< 0.001
  Positive inotropic support   18 (25.4)                  34 (68.0)               \< 0.001
  Hematocrit (%)               35.7±7.8                   30.6±7.6                \< 0.001
  Urea (mg/dl)                 57.2±30.1                  64.5±35.9               0.236
  Creatinine (mg/dl)           1.2±0.7                    1.45±0.7                0.341

HTN, Hypertension; DM, Diabetes mellitus; COPD, Chronic obstructive pulmonary disease; CAD, Coronary artery disease; PAD, Peripheral artery disease

Data are presented as mean±SD or n (%).

###### 

Operative and postoperative characteristics[\*](#TFN2){ref-type="table-fn"}

                                 Without Mortality (n=71)   With Mortality (n=50)   P Value
  ------------------------------ -------------------------- ----------------------- ----------
  Operation time (min)           226.2±79.1                 223.5±105.4             0.816
  X-clamp time (min)             65.2±40.5                  66.6±50.6               0.828
  Free blood in abdomen          1 (1.4)                    17 (34.0)               \< 0.001
  Erythrocyte suspension (min)   2.4±3.1                    8.7±7.5                 \< 0.001
  Fresh frozen plasma (min)      4.3±4.4                    15.6±15.4               \< 0.001
  Ventilation time (hours)       22.7±34.3                  173.4±202.3             \< 0.001
  ICU stay duration (day)        5.3±15.0                   14.9±20.3               0.020
  Ward Stay duration (day)       10.2±12.4                  4.5±3.5                 0.514

ICU, Intensive care unit

Data are presented as mean±SD or n (%).

###### 

Causes of mortality for all the cases (n=50)[\*](#TFN3){ref-type="table-fn"}

  --------------------- -----------
  Bleeding              13 (26.0)
  Heart failure         4 (8.0)
  Respiratory failure   10 (20.0)
  Multiple failure      12 (24.0)
  Mesenteric ischemia   5 (10.0)
  Septic complication   6 (12.0)
  --------------------- -----------

Data are presented as n (%).

###### 

Predictors of mortality following multivariate analysis

                               P Value    Odds Ratio   %95 CI
  ---------------------------- ---------- ------------ ---------------
  Preoperative shock           \< 0.001   19.8         3.204-122.815
  Positive inotropic support   \< 0.001   8.6          2.863-26.269
  Free blood in abdomen        0.225      4.6          0.363-58.691
  Hematocrit                   0.317      1.0          0.960-1.235

Discussion
==========

The management of RAAAs continues to challenge vascular surgeons. The mortality rate of RAAAs remains remarkably high despite several advances in diagnostic imaging and postoperative critical care.^[@B5]^ Our overall mortality rate of 41.3% is consistent with other reports.^[@B3],[@B5],[@B6]^

Gender, age, preoperative creatinine level, operation time, and cross-clamping time are among the factors that did not differ between our survival and mortality groups. However, preoperative hemoglobin levels and need for inotropic support preoperatively were related with mortality in our series, similar to a study performed by Anain et al.^[@B7]^ Preoperative shock is the most common factor affecting survival according to previous studies. Schermerhorn et al.^[@B8]^ reported that preoperative shock was the most important factor affecting survival for both open repair and endovascular RAAA repair (EVAR). Johansen et al.^[@B9]^ found that age \> 80 years, low hematocrit levels, and preoperative cardiac arrest were associated with serious mortality. Preoperative low hemoglobin levels reflected the volume of blood loss and was associated with increased mortality in our study, which chimes in with some other studies.^[@B9],[@B10]^ A low hemoglobin level means aggressive fluid resuscitation and blood transfusion requirement. A significant side effect of overly aggressive fluid resuscitation includes increased blood loss and dilutional and hypothermic coagulopathy.^[@B11]^ Preoperative evaluation time should be as short as possible in order to achieve aortic control as soon as possible to prevent excessive fluid replacement and blood transfusion requirements. Robert et al.^[@B12]^ suggested that a systolic blood pressure of 80-100 mmHg until aortic clamping is enough. In addition to this, Crawford^[@B13]^ stated that no significant blood volume resuscitation should be made until the time of surgery if the patient can maintain a systolic blood pressure of 50-60 mmHg.

Bowel ischemia is a fatal complication of RAAAs. Intra-abdominal hypertension is an important factor in the development of bowel ischemia. Elevated intra-abdominal pressure compresses the vena cava, liver, bowel, and kidney and worsens end-organ perfusion.^[@B14]^ Renal failure, another common fatal complication of RAAAs, is associated with substantial mortality.^[@B15]^ Respiratory failure is one of the important causes of death after open repair.^[@B16]^ In our study, we encountered respiratory failure in 18 (14.8%) patients, renal insufficiency in 14 (11.5%), lower-limb ischemia in 11 (9.1%), and bowel ischemia in 5 (4.1%). Deaths further increase when two or three complications coexist.

The therapeutic strategies for RAAA operation have changed over the years, with relatively poor outcomes associated with open repair having driven the use of EVAR for RAAA treatment. Moreover, some surgeons have reported the advantages of EVAR for RAAAs.^[@B17]-[@B21]^ Indeed, EVAR has become more popular, and many centers perform EVAR as the first line of treatment for RAAAs in many cases.^[@B22]^ Nevertheless, the IMPROVE study did not reveal a significant reduction in 30-day mortality or cost for endovascular repair.^[@B23]^ Our study was not designed for comparing the results of open abdominal repair with EVAR.

***Limitations***

There were several limitations to the present study. This study was not a prospective controlled randomized study. There were many other factors affecting the outcomes of the patients other than the ones which we investigated. Dueck et al.^[@B20]^ stated that the time of onset of symptoms to admission to the emergency department, surgeon volume and training, hospital type and volume, and time of day of operation were also effective on mortality. A more detailed study of these issues is needed.

Conclusion
==========

This study showed that preoperative clinical findings affected the mortality associated with RAAAs in our patients. Even though the mortality rates for this condition remain high, careful consideration and management of preoperative and postoperative factors may help further reduce mortality and morbidity rates.
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